that explores how chelating agents such as ethylenediaminetetraacetic acid (EDTA) modify the interactions between membrane. EDTA was shown to induce a phase coexistence in multilamellar systems of 1-palmitoyl-2-oleoylsn-glycero-3-phosphocholine (POPC) [1]. In this study we show that the effect of EDTA depends on other mobile ions in solution and lipid type. These data require a reevaluation of theoretical models of lipid bilayer interactions. [ Physics, University of Tennessee, Knoxville, TN, USA. The lateral sequestration of lipids with polyunsaturated fatty acid (PUFA) chains into membrane domains depleted of cholesterol has been hypothesized to have an important role in neurological function. This effect has long been attributed to a strong aversion of the disordered polyunsaturated fatty acid (PUFA) chains to the rigid smooth alpha face of cholesterol. Previously, we have performed neutron diffraction studies of deuterated cholesterol incorporated into bilayers composed of diarachidonoyl phosphatidylcholine (di-20:4 PC, DAPC), a lipid with two omega-6 PUFA chains. It was found that cholesterol sequestered at the bilayer midplane, in contrast to its usual upright orientation with the hydroxyl group located near the lipid/water interface. To date it remains unclear whether or not cholesterol's aversion to PUFA chains is a universal property of PUFAs, a behavior unique to omega-6 PUFAs, or the product of membrane disorder. Using different physical characterization techniques (i.e., neutron diffraction, NMR) and MD simulations, we obtained detailed structural data that rationalize much of the previously inexplicable data regarding cholesterol's behaviour in PUFA bilayers. We are able to demonstrate that cholesterol's mass distribution in the center of a PUFA bilayer is the same for both omega-6 and omega-3 PUFAs. In addition, neutron, 2H NMR and MD data suggest cholesterol's sequestration into the bilayer center may in fact be driven by hydrophobic thickness mismatch, and not necessarily membrane disorder. Diverse physiological processes in living systems depend on fundamental interactions of physical origin on the nanoscopic length scale. Of particular interest are forces acting between membrane domains/rafts across the aqueous phase governing their mutual alignment. Besides bare interactions, such as van der Waals attraction or solvation (hydration) forces, also membrane bending fluctuations, which relate to domains' bending rigidities, need to be considered. We have developed a method based on Monte Carlo simulations and global smallangle X-ray scattering analysis, allowing us to scrutinize osmotic stress data of coexisting liquid-ordered (Lo)/ liquid-disordered (Ld) domains for interdomain interactions. We report results for DSPC/DOPC/cholesterol and DPPC/DOPC/ cholesterol lipid mixtures and focus in particular on the bending rigidities of Lo/Ld phases. Results are discussed with respect to effects on membranemediated partitioning of proteins in different lipid environments, domain line-tension and size-dependent alignment of like-domains. This work is supported by the Austrian Science Funds FWF, Project No. P24459.
actions of physical origin on the nanoscopic length scale. Of particular interest are forces acting between membrane domains/rafts across the aqueous phase governing their mutual alignment. Besides bare interactions, such as van der Waals attraction or solvation (hydration) forces, also membrane bending fluctuations, which relate to domains' bending rigidities, need to be considered. We have developed a method based on Monte Carlo simulations and global smallangle X-ray scattering analysis, allowing us to scrutinize osmotic stress data of coexisting liquid-ordered (Lo)/ liquid-disordered (Ld) domains for interdomain interactions. We report results for DSPC/DOPC/cholesterol and DPPC/DOPC/ cholesterol lipid mixtures and focus in particular on the bending rigidities of Lo/Ld phases. Results are discussed with respect to effects on membranemediated partitioning of proteins in different lipid environments, domain line-tension and size-dependent alignment of like-domains. This work is supported by the Austrian Science Funds FWF, Project No. P24459.
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How do Cholesterol and Saturated Sphingolipids Affect Acyl Chain Order in the Fluid Phase of Binary POPC Bilayers -a Study with 1-oleoyl-2-propionyl-DPH-sn-glycero-3-phosphocholine Oskar Engberg, Henrik Nurmi, Thomas Nyholm, J.P. Slotte. Department of Biosciences, Å bo Academy University, TURKU, Finland. It is known that cholesterol increases the order in the fluid phase of a lipid bilayer but it has remained unclear whether or not various sphingolipids also have an ordering effect on the bulk phase ordering properties in the fluid phase. The acyl chain order in the gel phases has previously been reported with trans-parinic acid (tPA; steady state anisotropy or lifetime analysis) but acyl chain order in the fluid phase phase separated systems has been mostly measured indirectly, e.g. with 1,6-Diphenyl-1,-3,5-hexatriene (DPH) or N-rhodamine.dipalmitoylphosphatidyletanolamine (Rho-DOPE). By using a 1-oleoyl-2-propionyl-DPH-sn-glycero-3-phosphocholine (18:1-DPH-PC) as a reporter molecule the order in the fluid phase could be measured since the unsaturated probe has preferential partitioning into the disordered phase. The systems we studied were: POPC with 50 mol% palmitoyl sphingomyelin (PSM), POPC with 29 mol% of either palmitoyl ceramide (PCer), palmitoyl galactosyl ceramide (PGalCer) or palmitoyl glucosyl ceramide (PGluCer). In the above bilayer systems (with coexisting disordered and ordered phases present), 18:1-DPH-PC steady state anisotropy reported no gel phase melting during temperature ramps. This contrasts with tPA, whose anisotropy in binary bilayers reported meltings of the ordered phase. 18:1-DPH-PC steady state anisotropy measurements at 23 C showed that PCer, PGlcCer, PGalCer addition to a fluid POPC bilayer had a very minor ordering effect compared to cholesterol addition. These results indicate that cholesterol is superior to saturated sphingolipids to increase order in the fluid phase and that 18:1-DPH-PC is a fluorophore suitable to measure membrane order in the fluid phase. Here we find the partition coefficient of a transmembrane peptide (GWALP23) between Lo and Ld phases, for mixtures forming macro domains (bSM or DSPC/DOPC/Chol) or nanoscale domains (bSM or DSPC/POPC/ Chol). The WALP family of peptides has proven to be a useful model for investigating the fundamental principles governing protein-lipid interactions. GWALP23 presents 23 amino acid residues with the sequence (GGAF FLALALALALALALWLAGA). By use of Forster Resonance Energy Transfer (FRET), we measured the phase preference of GWALP23, finding favorable partition into Ld phase for all four systems. However, care must be taken when comparing the absolute values of the partition coefficient obtained for macro and nanoscale domains, since the small domain size is a key factor in the measured FRET. In addition, we used the fluorescence emission of 18:1,18:1-LR-PE to measure the partition coefficient of this dye between Lo and Ld phases in the case of macro domains (DSPC/DOPC/ Chol) and nanodomains (DSPC/POPC/Chol), finding similar values in each case. Taken together, our results imply that nanodomains can be treated as a phase.
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Cell Cycle Position Determines Critical Temperatures in Plasma Membrane Vesicles Erin M. Gray, Sarah L. Veatch. Biophysics, University of Michigan, Ann Arbor, MI, USA. Giant plasma membrane vesicles (GPMVs) isolated from RBL-2H3 cells appear uniform at physiological temperatures, contain coexisting liquidordered and liquid-disordered phases at low temperatures, and experience micron-sized critical fluctuations close to their critical temperature. Individual vesicles have well-defined critical temperatures yet there is significant vesicle to vesicle variation even when GPMVs are isolated from a plate of seemingly identical cells. In this study, we explore if heterogeneity in critical temperatures arise, at least in part, from cells being at different stages of the cell cycle. Populations of cells were synchronized at S, G2, M, and G1 stages using a double 86a Sunday, February 8, 2015 Thymidine block that arrests cells at the border between G1 and S phases. Critical temperatures were elevated in GPMVs isolated from cells in cell cycle phases that precede cell division (G2 and M) compared to other stages (G1 and S). In unsynchronized cells, critical temperatures were found to be inversely proportional to cell density, suggesting that contact inhibition and associated arrest of cell growth results in lower plasma membrane critical temperatures. Lower critical temperatures were also observed when growth was arrested through overnight serum starvation, and elevated critical temperatures were restored 24h after the addition of serum containing medium. Transition temperatures are also lowered in GPMVs prepared from cells undergoing apoptosis through the application of TRAIL, and vesicles contain a more rigid liquid-ordered or gel phase at low temperature. These results are in agreement with past studies that have indicated that plasma membrane composition varies within the cell cycle. Since GPMV critical temperatures are hypothesized to reflect on the magnitude of lipid-mediated heterogeneity in intact cells, these results suggest that membrane heterogeneity is greatest in cells undergoing rapid growth and cell division and is suppressed in cells under low growth conditions. Nano-membrane domains are hypothesized to play an integral role in many cell signaling pathways. Their transient nature and biocomplexity underlies a myriad of fundamental questions about lipid-lipid and lipid-protein interactions and their roles in cellular functions. As a result, there is a need for innovative approaches for understanding different biophysical aspects of membrane assemblies and their underlying, multiscale dynamics. Here, we integrate dynamic holographic optical trapping (HOT) and fluorescence imaging with fluorescence correlation spectroscopy (FCS) to characterize membrane domain nucleation in biomimetic planar supported bilayers. The dynamic HOT system allows for the creation of multiple traps from a single light source, each of which can be controlled individually in real time. Silica microspheres are being trapped into arbitrary patterns for system optimization. Receptor-bound microspheres associated with nano-domains in planar supported bilayers act as handles for dynamic HOT manipulation. Our hypothesis is that by trapping multiple microsphere-bound receptors, the associated heterogeneous lipid domains will nucleate a larger domain upon interaction in a manner that depends on the lipid type, cholesterol and protein content. Fluorescence imaging is used to visualize lipid domain formation, and subsequent lateral diffusion of lipid species will be measured with FCS as a function of trap-induced confinement. These results will ultimately lead to new insights into domain formation in membranes. Makromolekulare Chemie, TU Dresden, Dresden, Germany. It is now well established that the cytoplasm and plasma membrane of cells are characterized by high concentrations of proteins. Consequently, macromolecular crowding and confinement effects are believed to play important roles in the organization, dynamics, and function of proteins in cellular environments. However, the functional significance of molecular crowding remains unclear and conclusions are still controversial, due to the complexity of cellular systems. To address this experimental challenge, here we introduce a model membrane system on the basis of a polymer-tethered lipid bilayer, in which lipopolymers act as crowding agents. Our experiments show that changes in lipopolymer concentration have a profound effect on the lipid mixing behavior of raft-mimicking lipid mixtures forming micron-size liquidordered (l o ) and liquid-disordered (l d ) phase separations. Complementary fluorescence correlation spectrometry (FCS), confocal fluorescence intensity analysis, and photon counting histogram (PCH) analysis experiments demonstrate that lipopolymer-mediated molecular crowding also influences the lateral diffusion of lipids and membrane proteins, as well as membrane protein sequestration in raft-mimicking lipid mixtures. Interestingly, our experiments confirm that elevated lipopolymer concentrations cause the formation of buckling structures, which can be seen as a stress relaxation phenomenon. Notably, the extent of membrane buckling is substantially different in l o and l d lipid regions.
440-Pos
441-Pos
442-Pos Board B222
Why Cholesterol should be Found Largely in the Cytoplasmic Leaf of the Plasma Membrane Michael Schick, Ha Giang. Physics, University of Washington, Seattle, WA, USA. In the mammalian plasma membrane, cholesterol can translocate rapidly between the exoplasmic and cytoplasmic leaves, and has been found predominantly in the latter. We hypothesize that it is drawn to the inner leaf to reduce the bending free energy of the membrane caused by the presence there of phosphatidylethanolamine (PE). It does this in two ways: first by simply diluting the amount of PE in the inner leaf and second by ordering the tails of the PE so as to reduce its spontaneous curvature. Incorporating this mechanism into a model free energy for the bilayer, we find that between 50 and 60% of the total cholesterol should be in the inner leaf of human erythrocytes. The elasticity of fluid phase lipid membranes can be characterized using the Helfrich Hamiltonian, which depends only on the square of the total curvature and the Gaussian curvature and the corresponding curvature moduli: the mean bending modulus and the Gaussian curvature modulus. Even at large curvatures approaching the inverse bilayer thickness, the effect of higher order terms of the elastic energy are minimal. Recently, a method has been developed to derive the bending modulus for fluid membranes from the stress-strain relationship of a buckled membrane [1, 2] . The method also predicts the shape of the membrane, an Euler Elastica, and this serves as a check that the membrane indeed follows quadratic curvature elasticity. Using a coarse-grained lipid model, we analyze the shape of a buckled membrane in a gel phase and show that it does not behave like an Euler Elastica, even at low curvatures. The deviation from the theory suggests that higher order terms of the total curvature reduce the energy penalty for high curvatures. We present an extended version of the Helfrich Hamiltonian that captures this effect and show that it describes the shapes that we observe in simulations. We then calculate the bending modulus, as well as the modulus describing higher order corrections.
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[1] Noguchi H., ''Anisotropic surface tension of buckled fluid membranes'', Phys. Rev. E 83, 061919 (2011).
[2] Hu M., Diggins P., and Deserno M., ''Determining the bending modulus of a lipid membrane by simulating buckling'', J. Chem. Phys. 138, 214110 (2013) . Fluid lipid membranes can be described by a continuum-elastic Hamiltonian that features two central parameters mean and Gaussian curvature modulus. Of those two, the Gaussian modulus is much less understood, since it affects the membrane energetics only through topology or boundaries and is thus difficult to measure experimentally. Moreover, recent work by Hu et al. [Biophys. J. 102, 1403 (2012 ] to determine this modulus from computational studies revealed discrepancies with more microscopic expectations, according to which this modulus should be given by the second moment of the lateral trans-membrane stress profile. Our goal in the present study is to revisit the arguments linking the Gaussian modulus to properties of thin sheets, using thin plate theory as a starting point, but allowing for a number of generalizations. For instance, membranes are more generally described as anisotropic continua with in-plane fluidity and a nontrivial distribution of pre-stresses. It is easy to see that in this case linear elasticity, combined with the additional but common approximation of a linear strain tensor, will predict that the Gaussian curvature modulus vanishes. We therefore need to include the possibility of nonlinear strains (while still using linear constitutive equations), but this in turn leads to some subtle inconsistencies within Monge gauge. Another difficulty is that virtually all existing theories treat Young's modulus and the Poisson ratio as constant throughout the width of the membrane. Starting from fundamental linear elasticity theory, amended by a nonlinear strain tensor, and using consistent geometrical constructions, we
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